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Abstract 
 
There are 80% of European citizens live in urban areas, which traduces into an increase of 
mobility levels.  
Having this in mind, it is truly important to develop more effective transportation services, in 
order to improve the quality of the service and acquire new users. One thing that may help 
attract users to the public transportation system is providing them with the relevant 
information for planning their trips, which can be made, for instance, through the use of paper 
maps that are placed in bus stops. 
Aside from the usual schematic maps (such as the ones seen in metro stops), a new type of 
map design is appearing, the spider maps. This type of maps allows the users to get relevant 
information about the public transportation system around the area he is in. 
However, the use of new technologies can also be a great asset to make the public transport 
system more attractive. Adapting spider maps to digital media (such as smartphones or 
tablets) may bring great advantages to its users. It allows them to get the map they want, in a 
specific time or context.  
By using these maps in smartphones or tablets, users will get a spider map, in real time, for 
the location they want, always providing context-awareness. This type of interactive use, 
intends to provide not only the relevant information for the user in real time, but should also 
reduce his cognitive effort, since is allows him to easily understand how to get the spider map 
for the intended area or how to know the paths (lines) and destinations (stops) he can go 
through and to.  
This dissertation aims at the study of a system that generates spider maps interactively, using 
mobile devices. For that, prototypes of the system are developed and usability tests were 
conducted in order to evaluate and validate the developed prototypes. 
This work can be seen as the first step for the adaptation of this type of maps to digital media.  
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Chapter 1. Introduction 
 
This chapter introduces the context, describes the motivation and goals for the development of 
this dissertation as well as its outline.  
 
1.1. Contextualization 
 
In the past decades, mobility levels have been increasing all over Europe, since 80% of 
European citizens live in urban areas [1]. Facing this reality, efforts have been made into 
developing more effective transportation services [2]. 
Being so, it is crucial that public transportation systems evolve in order to improve the aspects 
that users seem to think that are deal breakers when it comes to its use, such as travel speed, 
reliability and service quality [1]. The use of new technologies can be a great asset to make 
the public transport system more attractive.  
One important aspect that may help attract users to the public transportation system is 
providing them with the relevant information for planning their trips. Trip planning in a 
public transportation system can be made, for example, through the use of paper maps that are 
placed in bus stops. Figure 1 presents the schematic map of the London Underground.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – London Underground Schematic Map [3] 
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The increasing complexity of transportation systems impelled for the evolution of traditional 
transportation maps.  
A new type of maps was introduced in order to provide public transportation users with a 
more understandable and efficient view of the public transportation network. Schematic maps, 
or “Schematic network maps for public transportation”, as they can also be called, are a 
linearized and schematized representation of routes in a certain scenario, showing the 
stations/stops and lines that connect them. This type of map is a useful way of providing 
orientation either for residents or tourists of a certain city. 
When designing a schematic map, some aspects should be taken into account during the 
whole process such as the number of transport modes (e.g., subways, trains, buses, trams), the 
number of services of each transport mode, the predominance of a transport mode, the 
existence of overlap between routes, and variances in routes [4]. But there is also another 
important aspect that should always be in mind of the designer, which is the context.  
The natural evolution in the design process of schematic maps, led to the creation of a new 
type of maps that represent some variations in the layout of routes [4], the spider maps. These 
maps are based on spider diagrams, which represent main ideas in the middle and details on 
branching and show a centrally located inset containing a geographically accurate map of the 
area around a station and an outer schematic representation of transport destinations and 
possible connections from the local station [4]. 
This type of map has an important feature that sets it apart from the standard schematic maps, 
more than any other, the awareness of context, which will allow users to learn and understand 
it in a more simplified way.  
The users are provided with a view of the hub, which is the central part of the map, and that 
represents the area where the user is, as well as all the streets, landmarks and stations around 
that specific place. Also, the bus travellers are able to see the lines that go through the 
depicted area (the hub) and all the stops (or destinations) that are accessible to the user from 
the hub [5], as can be seen in Figure 2, which represents a spider map for the Manor House 
area, in London.  
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Figure 2 - Manor House Spider Map (London) [6] 
 
All of these improvements also make the access to the public transportation network easier. 
Users are able to plan their trips, always having in mind the context they are in, enhancing its 
learning by the users and it ease of use [5]. Furthermore, context awareness in trip planning 
works as a mean of determining how well the map information supports the map reader in 
defining the fastest route between trip origin and destination on a public transportation map 
[5]. 
The technological evolution brought new opportunities that can be explored in order to 
improve the users’ interaction with public transportation systems, in particular, through the 
use of their mobile devices.  
When it comes to spider maps, it is important to focus on a broader area, which are the 
Location-Based Services.  
Location-Based Services are information services accessible with mobile devices with the 
ability to make use of the location of the mobile device [7].  
By knowing the users current location, the generated spider map answers to the questions: 
“Where am I?” and “Where can I go to?” through the provision of context. Context represents 
an important part of the LBS, since user and location are part of the context [8]. Spider maps 
allow users to have access to a certain context while viewing a public transportation map, 
enabling them to get a better orientation and all the relevant information from that place. 
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Users and users’ locations are the basis of the Location-Based Services, as it happens with the 
spider maps, which are also designed based on a user-centered view, having the context the 
user is in depicted and all of the relevant information from there.  
1.2. Motivation and goals 
 
Throughout the years, it is becoming more important for people to use the public 
transportation system in their daily lives. However, using the available paper maps to plan 
their trips can be very discouraging. In fact, tourists or business people who don’t know a 
particular city may feel completely lost and frustrated because of the time spent trying to 
figure out, in a traditional map, the public transportation lines to use.  
Schematic maps are widely used, but the use of spider maps is becoming more relevant due to 
its improved contextual features.  
Facing the technological advances, the need for transposing spider maps to digital media is 
inherent and it will allow users to get real time information about the public transportation 
lines that go through where they are and where they lead, since the spider map is created for 
the area where the user is (the hub) and automatically, all of the lines that go from there the 
and stops (destinations) that the user can go to from the hub. Spider maps are created in real 
time according to the area the user is, or the area he chooses to have the map for. This kind of 
structure will help improve the public transportation’s perceived quality and, most of all, the 
user experience.  
In this thesis, we aim at studying how spider maps can be converted to digital interactive 
systems and what would be the most adequate. Our goal is to explore how to take advantage 
of this service, and to study the appropriate interactions in order to provide services that can 
get some leverage from using digital spider maps. Prototypes of the proposed interactions of 
this interactive system will be presented and discussed, in order to provide guidelines for 
future work in this area.  
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1.3. Methodology 
 
In this dissertation, we are following an evolutionary methodology. Particularly, the Star 
Lifecycle model (Hartson and Hix, 1989). In this model, evaluation is at the centre of the 
activities, which do not have any particular order, however they are highly interconnected. 
This means that when any of the activities is concluded, its results must be evaluated. Hence, 
development may start in any one, as depicted in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 - Star Lifecycle Model, by Hartson and Hix 
 
By following this model, we use evaluation throughout the whole design process, and we 
adapt to the needs of the users as they are discovered. 
In order to approach the presented goals, two case studies were chosen as the application of 
the interactive spider map, a hotel (the Intercontinental Hotel, specifically) and a museum 
(Casa da Música). These two examples were chosen due to the clear benefits this kind of 
maps would bring to them. By providing an interactive spider map for the hotel area, the 
perceived quality of its service will increase, since it will provide the hotel guests with 
information about the available public transportation lines and stops, from the place he is (the 
hotel). Also, museums are an important application of this type of maps, and Casa da Música 
is one of the first ones being visited when arriving in Porto, since they are considered a point 
of interest for tourists visiting a certain city, so it could be important for them to see which are 
the available lines from the museum and where they can go from there.  
We started by going to the field in order to understand what common users, such as Hotel 
clients and Museum visitors (tourists, business people, musicians, etc.) would think of such a 
service and what they would like to see, in terms of features and functionalities, in this 
interactive system. Therefore, we proceeded with the requirements elicitation with people on 
both locations and used a set of spider map images, in order to assist us in this task. 
Afterwards, questionnaires to capture relevant information about the interviewees were used, 
and semi-structured interviews were conducted. 
Study of the adaptation of Spider Maps to digital media (such as smartphones), from the interaction point of view. 
 7 
After analysing the collected data from the first phase, a set of prototypes was developed and 
presented to two pre-selected experts, in order to proceed with a new phase of requirements 
elicitation, which main purpose was to discover potential usability problems during the design 
process. In this phase, it was also important to conduct a questionnaire to get relevant 
information from these experts, as well as an interview to answer to some crucial questions.  
The third phase included a new set of prototypes and a walkthrough procedure that were 
developed to proceed with the usability tests with four previously chosen experts. In this 
phase, the users were video recorded following a walkthrough and proceeding with the tasks 
that allowed them to see the developed prototype. The time each user spent per task was also 
recorded.  
The fourth and final phase of the study was the conduction of a new set of usability tests, this 
time with common users that were selected randomly. The tests were video recorded as the 
users followed the walkthrough and performed the tasks in the developed prototypes.  
In each phase of the usability tests, it was important to proceed with a questionnaire and an 
interview to get relevant information about the users, as well as their opinions about our 
solution.  
 
1.4. Dissertation Outline 
 
This dissertation is organized in 6 chapters that present all of the work that was done 
throughout this research.  
Chapter 2 is focused on presenting the state of the art that has been done in this area, 
particularly when it comes to Spider Maps and Interaction Design. Our work is somewhat 
based on those studies.  
In Chapter 3, the spider maps are presented, use scenarios, its architecture, where they are 
implemented, and their integration in digital media. 
Chapter 4 describes the phases of requirements elicitation, as well as the use cases produced 
based on the requirements analysis. Afterwards, the developed prototypes and inherent 
interactions are also presented.  
Chapter 5 regards the usability tests that were conducted with experts and with common 
users.  
Finally, in Chapter 6, the final conclusions of this research are presented, as well as future 
lines of work in this area.  
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Chapter 2. State of the art 
 
2.1. Map interfaces  
 
Map interfaces that are the representation of public transportation lines and stops, either static 
or interactive, have been changing their form, throughout the years.  
Berendt et al. [9] proposed an approach to understand how maps represent and organize 
knowledge. The authors presented geographic maps as a way of representing knowledge and 
defined a problem when it came to determine the information content of a schematic map, that 
represent knowledge in a different way than topographic or city maps, giving a particular 
example of locating a city station.  
The authors began by describing the representation of the cartographic elements and the 
inherent relations as well as the information content. As for the empirical study, a total of 26 
subjects was gathered that being given the proper material answered to certain questions that 
were provided. Their main conclusions were that people use different aspects of maps, and 
that they were able to verbalize which aspects they extracted from maps.  
According to Coltekin et al. [10], a combination of traditional usability methods with the 
analysis of eye movement recordings, through a case study, serve as a way to evaluate 
interactive map interfaces.  
The authors introduced the concept of usability engineering and proceeded with an overview 
of eye movement studies for interface evaluation and usability, and moved to an evaluation of 
interactive map interfaces with usability engineering methods and eye movement analysis. A 
controlled experiment took place aiming to compare 2 interactive online map interfaces, 
requiring the performance of a set of map-use tasks, while recording the participants’ eye and 
mouse movements. Their main conclusions led to believe that eye movement analysis can 
help researchers study micro-level behaviours linked to people’s visual attention and internal 
cognitive processes, and that users perform faster with some interfaces that with others. 
 
2.2. Map design 
 
With the evolution of the public transportation system, new possibilities to map design are 
appearing.  
Bogen et al. [11] presented the subject of implementing the maps on mobile devices turning 
them into dynamic maps and provided some examples as design options that support the 
introduced aspects of operating with maps.  
They analysed some single aspects of schematic maps and discussed them in order to 
recombine them in an innovative way. The main conclusion was that in order to better 
understand map navigation it should be considered the imaginative act of navigating on the 
map. 
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When it comes to schematic maps, Klippel et al. [12] discussed the matter in different views 
of schematization. The authors presented two approaches to map design that reflect principles 
of human spatial cognition, as well as how these approaches can be combined.  
Based on the stated approaches, the authors presented the several applications where they are 
important elements. The different types of maps – schematic maps, aspect maps, way finding 
chrome maps and focus maps - were also discussed. Their main conclusion was that 
correspondence between internal and external representation makes map reading easier. 
Map design should be done having in mind a user-centred perspective, since we are dealing 
with a type of abstraction that is handled and compared with real world scenes.  
Porathe [13], presented an experiment that led to the conclusion that electronic egocentric 
map displays using real-time 3-D and GPS positioning technology are more efficient, less 
erroneous, and more user-friendly than traditional static maps or electronic north-up or head-
up maps.   
Cognitive adequacy is an important aspect to have in mind when designing a map. According 
to Knauff et al. [14], the term “cognitive adequacy” can be claimed for the basic (topological, 
ordinal or metrical) relations or for the reasoning, and they differentiated the types of 
cognitive adequacy - conceptual and inferential cognitive adequacy.  
The authors chose the grouping task paradigm in order to investigate conceptual knowledge in 
psychology and concluded that cognitively adequate models of spatial knowledge are 
essential for several fields of geographic information systems (GIS), as well as for different 
sub-fields of cognitive science.  
There are different approaches when designing interfaces, especially map ones.  
In [15], Cockburn et al. presented four approaches - overview + detail, zooming, focus + 
context and cue-based techniques – as well as their critical features. They discussed the 
empirical evidence of their success and through their research it is possible to know some 
successful and unsuccessful interface strategies.  
The authors’ main conclusions are that when it comes to the “overview + detail” approach, 
users should be able to browse the overview without influencing the detail view. Also, in 
terms of the “zooming” approach, the authors concluded that users are able optimize their 
performance with zooming interfaces.  
The “focus + context” approach, in particular, is extremely relevant, when it comes to 
designing mobile map applications, and it is stated that it eliminates the spatial and temporal 
separation by displaying the focus within the context in a single continuous view.  
 
2.3. Mobile applications interface design 
 
Concerning the design of interfaces for mobile applications, Nilsson [16] identified some 
problems that may occur during the process, that he grouped in three main areas – Utilizing 
screen space, Interaction mechanisms and Design at large. He presented design patterns for a 
set of problems, such as: 
• Horizontal scrolling; 
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• Handling crowded dialogs when software keyboard is shown and hidden; 
• Mechanisms for entering text; 
• Interacting with applications without using stylus; 
• Design that supports branding, is aesthetic, and utilize screen space optimally 
• User interaction during waiting for long-lasting operations to complete. 	  
Mobile usage of geographic information is becoming a very relevant topic. Reichenbacher 
[17], presented the environment change for cartography, based on a new distribution media, a 
new display media, a mobilization of cartography, a user focus, a service-oriented approach 
and since the mobile environment needs different thinking and extended new methods.  
The author introduced a conceptual framework for mobile cartography as well as examples of 
mobile maps and their characteristics. There are some aspects that should be taken into 
account when adapting a map to a mobile device, such as clarity or focus, opacity, animation, 
landmarks identification, etc. are important guidelines for designing mobile maps. The author 
presented the context dimensions, such as the system, information, activities, user and 
location and time, followed by its parameters and maps and concluded by presenting the 
mobile user activities and the adaptation components, object, process, relevance, methods and 
final examples. 
In [18], Käser et al. presented a bimanual technique that was designed to improve the 
precision of graphical tasks on multi-touch screens. This technique was proposed and 
presented as a tool to let users define a viewpoint using one hand, being the other one used to 
simultaneously interact with objects in the scene. The authors presented the 2 areas of 
research that they considered relevant for their work; those being the multiscale navigation 
and interaction with virtual scenes, and precise target interaction on (multi-) touch screens.  
An alternative design without magnified views, which follows the interaction model 
underlying FingerGlass as closely as possible was presented, the FingerMap. The authors 
concluded, through their research and experiments, that FingerGlass significantly outperforms 
the current state-of- the-art techniques on touch screens for both precise selection and object 
translation. People can select, with one hand, a specific area they would like to enlarge and 
with the other hand they are able to manipulate the zoomed area, allowing users to interact 
with the objects in the scene. Nevertheless, there were identified some limitations, since this 
technique implicates that at least 3 fingers are used for it to operate and is designed for large 
multitouch workstations. 
 
2.4. Location-Based Services 
 
Location-Based services are an important field of study, now-a-days. Understanding how 
these work and how they can be improved is extremely relevant.  
In [5], the authors introduced spider maps as a new type of maps that can improve Location-
Based Services. The authors introduced the concept of spider maps and explained that they 
are a mean to increase LBS user satisfaction and increase the usage of Public Transportation 
Services.  
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Mourinho et al. concluded that spider maps are adequate when it comes to communicate 
transport network information in mobile services, and that a new emphasis should be given to 
the test of spider maps in real LBS of a public transportation service.  
Also, when referring to mobile map application, Location-based services applications are an 
important topic to address. In [19], the authors presented the Location-based services concept, 
its usefulness and how they work. The Location-based services’ components are presented 
and those include mobile devices, communication network, positioning component, service 
and application provider and data and content provider.  
The authors considered the Location-based services extremely useful and they justified it by 
referring that they are capable to answer to questions like “Where am I?”, “Where are my 
friends?”, “What is here around me?”. They provided some LBS applications examples and 
introduced an important topic, when talking about LBS, context-awareness. They concluded 
by presenting a final summary where the LBS architecture is reviewed, the user actions 
identified, the context awareness emphasized, adaptation reviewed and the four properties to 
characterize an application are presented.  
 
2.5. Context-awareness and context-aware applications 
 
Context is a crucial aspect to have in mind when designing any interface, since it is related to 
ubiquitous computing.  
Designing an interface having in mind different contexts can be a very challenging job. 
According to Schmidt [20], with context-awareness, designing the user interface becomes 
more complex, since the number of situations and contexts, in which the system will be used, 
increases.  
The author stated that instead of designing for a single context of use, people are designing 
for several contexts, and that that approach can provide optimized user interfaces for a range 
of contexts.  
In [20], the author presented the idea that mobile devices can provide different services in 
different contexts – where context is strongly related to the location of a device. Also, he 
discriminated six types of context-awareness, which help in the design of context-based 
applications: 
• Context-adaptive systems - proactive applications, function triggers, and adaptive 
applications; 
• Adaptive and context-aware user interfaces; 
• Managing interruptions based on situations; 
• Sharing context and context communication; 
• Generated data for metadata and implicitly user-generated content; 
• Context-aware resource management; 
The author concluded that it is essential to create understandable context-aware systems that 
comply with the users’ expectations, and that well-designed context-awareness systems are a 
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great and powerful way to make user-friendly and enjoyable applications. He also stated that, 
if done wrong, context-aware applications may be a source of frustration. 
In [21], Nivala et al. also considered that context awareness of the systems is an extremely 
important approach.   
Context awareness of the systems can also be applied to the screen maps.  The authors 
proposed that embedding them into the maps could also increase the usability of mobile map 
applications. They described the different mobile contexts from the map users’ point of view 
and listed the relevant contexts for maps. During their study, the authors provided a 
suggestion that by adding some context awareness to maps in mobile devices people are able 
to compile more intelligent map applications.  
The authors concluded that there are some limitations to the results they presented and that 
further research needs to be done in order to provide appropriate maps for different contexts 
of mobile map services. Their finding led to believe that if added context awareness to mobile 
map applications, map usability is improved, and that by using the context information, the 
map application could adapt the visualization for different situations and individual users.  
In fact, the location of the user is the most important context of use when it comes to mobile 
map services. Also, the identification and description of the users’ needs were stated as 
crucial things that designers should be aware when designing future mobile map applications. 
Requirements elicitation for context-aware applications is also an important to address.  
In [22], the authors stated that the interface is moving from humans vs. computers to humans 
vs. context-aware environments, and, focusing on the requirements of ubiquitous computing, 
they extended the notion of context into three categories – Computing context, that represents 
the hardware used; User context, which refers to the human factors and, finally, the Physical 
context, that is related to the non-computing information that the real-world environment 
provides.  
The authors provided a methodology for requirements elicitation and concluded that context 
improves the interaction between human and computer devices.  
According to Häkkilä et al [23], the user interface design and the technical development of 
context-aware application are far apart and there is a need to create tools to improve the 
design outcome. The authors believe that selecting the appropriate information sources is the 
first challenge when developing context-aware applications. Also, they provided a set of 
design guidelines that should be used by designer to develop context-aware applications, such 
as: 
• GL1. Consider the uncertainty in decision-making situations; 
• GL2. Prevention from interruptions; 
• GL3. Personalization; 
• GL4. Avoid information overflow; 
• GL5. Secure the user’s privacy; 
• GL6. Remember mobility; 
• GL7. Secure the user control; 
• GL8. Access to context; 
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• GL9. Visibility of system status; 
• GL10. Usefulness. 
After conducting two studies, the authors concluded that the proposed guidelines can be 
successful when applies to the design of context-aware mobile applications and that applying 
some guidelines was harder than others.  
 
2.6. Interaction design 
 
As interaction design is only a part of the Human-Computer Interaction field, it is important 
to present the Human-Computer interaction area as a discipline concerned with the design, 
evaluation and implementation of interactive computing systems. 
According to Sharp et al. [24], interaction design can be defined as designing interactive 
products to support the way people communicate and interact in their everyday and working 
lives. The authors presented the process of interaction design as a set of four activities: 
• Identifying needs and establishing requirements for the user experience; 
• Developing alternative designs that meet those requirements; 
• Building interactive versions of the designs so that they can be communicated and 
assessed; 
• Evaluating what is being built throughout the process and the user experience it offers.  
Also, in [24], the authors presented the evaluation approaches and methods, such as usability 
testing, field studies, and analytical evaluation. Combined approaches and opportunistic 
evaluations are also presented. As for the methods used in evaluation, they presented the 
following: observing users, asking users their opinions, asking experts their opinions, testing 
users’ performance and modelling users’ task performance to predict the efficacy of a user 
interface. Observation studies, questionnaires and interviews cover the first 3 methods 
presented.  
As for Lowgren [25], interaction design can be defined in one simple sentence – Interaction 
design is about shaping digital things for people’s use. The author considered that interaction 
has five main characteristics:  
• Design involves changing situations by shaping and deploying artefacts; 
• Design is about exploring possible futures; 
• Design entails framing the “problem” in parallel with creating possible “solutions”; 
• Design involves thinking through sketching and other tangible representations; 
• Design addresses instrumental, technical, aesthetical and ethical aspects throughout. 
In [25], the author also stated that digital things are what interaction design shapes, which 
means that interaction designers work in digital material, such as software, communication 
networks, etc.  
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According to Saffer [26], interaction design is a discipline that is a bit difficult to define, 
mainly because of his interdisciplinary roots. The author considered that interaction design is 
about behaviour, which is hard to observe.  
He presented some approaches that interaction design employs: 
• Focusing on users; 
• Finding alternatives; 
• Using ideation and Prototyping; 
• Collaborating and Addressing Constraints; 
• Creating Appropriate Solutions; 
• Drawing a wide range of influences; 
• Incorporating emotion.  
The author presented the disciplines that surround interaction design, such as visual design, 
human factors and sound design, but also human-computer interaction, that is considered to 
be closely related to interaction design but with a more quantitative methodology. 
His conclusions translate into the fact that the best products are the ones that involve multiple 
disciplines that are working in harmony.  
Interaction design is the basis for designing any kind of interface, and it is especially relevant 
when we are talking about designing mobile interfaces.  
According to Dunlop et al. [27], designing for intermittent and expensive network access, and 
design for position awareness and context sensitivity can be extremely challenging. The 
authors concluded that there are five specific challenges that mobile devices present to 
Human-Computer Interaction, and therefore, to Interaction Design: 
• Designing for mobility 
• Designing for a widespread population 
• Designing for limited input/output facilities 
• Designing for (incomplete and varying) context information 
• Designing for users multitasking at levels un- familiar to most desktop users 
In [28], the author defined the criteria that answers to the question of how interaction design 
provide people with a successful and satisfying experience, those being: 
• Understanding of users; 
• Effective design process; 
• Needed; 
• Learnable and usable; 
• Appropriate; 
• Aesthetic experience; 
• Mutable; 
• Manageable; 
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Alben also stated that these criteria, when put together, define successful interaction design, 
which leads to quality of user experiences.  
 
2.7. Interaction design in mobile applications 
 
It is extremely important to understand what interactions map-based mobile applications 
should have.  
According to Kangas et al. [29], the most important aspect of the design process is to provide 
the user with the real usage context, and they considered three activities as the ones that are 
particularly useful when it comes to developing mobile applications – Focused CI studies, 
Realistic User Interfaces prototypes for mobile applications, and Usability testing in the 
mobile context.  
The authors concluded that when designing a product, it is important to follow good User-
Centered Design practices, in order to unsure that the product works. Also, other important 
conclusions of their study were that the most important aspect of the design process is to 
provide the user with the real usage context, and that paper prototypes serve as a good tool to 
verify the product’s requirements and that these can be used to get a relevant testing 
environment. Yet, their findings led to believe that paper prototypes are not sufficient for 
solving the usability problems of the final product, in particular when it comes to detailed 
interaction or performance. 
In [30], Meng presented some research questions about design issues, interactions and user 
modelling of map-based mobile services, and proposed different strategies having in mind in 
which phase the usability tests are conducted - before, during or after the design process. The 
author also showed some methods of constructing and evaluating usability tests. 
The author stated that map-base mobile services represent one of the fundamental types of 
location-based services (LBS), and that there are several mobile tasks that map-based services 
typically support, such as finding the actual user location; retrieve information of landmarks, 
etc. There were also presented some operations that are possible with a mobile map, that the 
designer should be aware of, like zooming, hiding and revealing, focusing, etc.  
The usability of mobile map services is also an important topic to cover, since, as Meng stated 
[30], the insight gained from usability tests will support the service designer to infer user 
requirements and determine suitable design rules or patterns. The author explained the pre-
designed usability tests, and questionnaires, interviews, scenarios and controlled experiments 
are stated as the methods used in such a test. When it comes to participatory usability test it is 
stated that its purpose is to find usability problems and it is concluded that is if one of the 
design steps does not meet user’s expectations, the mobile map service would not be usable. 
The post-design usability tests are presented as to be conducted after the prototype is 
concluded and the testers’ statements are stated as decisive when it comes to the verification 
or improvement of the design.  
Methods for the construction and evaluation of usability tests are provided, having in mind if 
the goal is to identify usability problems or if the goal is to confirm design hypothesis. 
Finally, she concluded that the information gathered by questionnaires, interviews and 
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scenarios appear to have a varying objectivity; however video records seem to provide high 
objectivity.  
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Chapter 3. Spider Maps 
 
Public transportation map design has been evolving throughout the years.  
Traditional schematic maps are very useful, especially for the metro network, since they 
provide the user with a global view of the public transportation network. Figure 4 presents the 
map for the Metro network in Porto. 
 
 
Figure 4 - Metro Network in Porto [31] 
 
Now-a-days, being aware of the context and getting the relevant information, when it comes 
to using public transportation maps and trip planning, a new type of maps as been designed 
and introduced in some cities, the spider maps.  
This new type of map design, the spider maps, exist in London, all over the place, since that 
was where they were first implemented. In Portugal, there are already spider maps for public 
transportation in Porto and Lisbon, as presented in section 3.4. 
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3.1. What is a Spider Map? 
 
Spider maps are a type of schematic maps that are based on spider diagrams, which are 
diagrams that start with a central idea, and that has branches outwards from the centre, as 
shown in Figure 5. 
 
 
 
 
 
 
Figure 5 - Spider Diagram [32] 
 
However, these maps, unlike it happens with schematic maps, are extremely focused on 
context awareness, that allows users to better understand the map itself and use it more easily.  
In the middle of the spider map, there is an accurate geographic view of the stops, streets and 
landmarks, or points of interest around the pre-selected area (the hub). Surrounding the hub, 
the bus lines and possible destinations that go through that area are presented, as depicted in 
Figure 6, for the Tower of London area. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 - Tower of London Spider Map [6] 
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3.2. Use Scenarios 
 
There are several scenarios where spider maps could be applicable. Users may find very 
useful to have a spider map, for instance, for the area around their home or work place, that 
would allow them to see exactly which bus lines serve their needs.  
Another use scenario of such maps is for tourists. When a tourist arrives at a certain city, they 
are not aware of which bus lines lead from where they are to where they want to go, or which 
are the accessible destinations from where they are, either stops or points of interest. Spider 
maps can help demystify these problems and provide users with relevant information about 
the public transportation service around the area they are in or the area they are going to.  
A possibility is for hotels to provide spider maps to their guests to allow them to see where 
they can go from that hotel (having the hotel area as the centre) and which are the lines to 
take.  
 
3.3. Architecture of a Spider Map 
 
The spider map architecture consists in three components [5], as depicted in Figure 7. 
The first component is the “Hub” that represents the main part of the spider map. It shows the 
area where the user is, or the area he previously selected, the environment surrounding that 
area (such as streets, landmarks and buildings) and all of the stops available in that particular 
area. The idea of this component is to lead the user into looking at first (focusing), but also 
presenting the context.  
The second component is the “Line”. This represents the paths of the public transportation 
network, that are available from the hub, and that a user can go through.  
The third, and final component is the “Stops”. These represent the mains destinations that are 
accessible to the user from the hub, through the public transportation network paths.  
 
 
 
 
 
 
 
 
Figure 7 - Spider Map Structure [5] 
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3.4. Implementation 
 
Spider maps started by being implemented in London, such as in the Bayswater (Queensway) 
area, as seen in Figure 8. 
 
Figure 8 - Bayswater (Queensway) Spider Map [6] 
 
But, this type of maps is also being implemented in urban areas in Portugal, specifically in 
Porto and Lisbon.   
Figure 9 shows the spider map of the São João Hospital area in Porto, which is presented 
today in the bus stop at São João Hospital.  
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Figure 9 - São João Hospital Spider Map [33] 
 
In Lisbon, this type of maps is already implemented, such as in the Carris network at Belém 
(Jerónimos) area, as seen in Figure 10. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 - Belém (Jerónimos) Spider Map [34] 
 
Spider maps can be seen as a useful way to know which public transportation lines go through 
the place where the user is, and which possible destinations (stops) can he reach through the 
place he is.  
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However, there is a clear difference between the spider maps in London and the ones that are 
already being implemented in Porto and Lisbon. The London ones are developed manually, 
unlike the Portuguese ones that are being developed through a software framework that is able 
to produce fully automated spider maps in soft real time [5], which brings a great opportunity 
for making interactive spider maps.  
 
3.5. Spider Maps in digital media 
 
Maps can be very difficult to read, especially paper based ones [13]. Using paper public 
transportation maps are no exception and it can be time consuming and unpractical, looking 
all over the map for the lines and destinations (stops) the user wants. Having in mind the 
increasing use of smartphones or tablets now-a-days, there may be a great opportunity to 
transpose these maps to digital media.  
Adapting spider maps to digital media (such as smartphones or tablets) brings great 
advantages to its users. It allows them to get the map they want, in a specific time or context. 
It provides them with a spider map of their current location, or any location in the city, for 
that matters.  
By using these maps in smartphones or tablets, users will get a spider map, in real time, for 
the location they want, always providing context-awareness, no matter the place they are in. 
This type of interactive use, intends to provide not only the relevant information for the user 
in real time, but should also reduce his cognitive effort, since is allows him to easily 
understand how to get the spider map for the intended area or how to know the paths (lines) 
and destinations (stops) he can go through and to.  
Also, by providing real time information (through the communication with the information 
system in real time), electronic spider maps will be able to regenerate themselves in case there 
is, for instance, a problem with a certain line, and, since they are generated in relatively short 
time, it will not create a long waiting time for a user that is requesting the service. [5] 
Still, a way of how spider maps should appear in a smartphone or tablet hasn’t yet been 
explored, so it is crucial to understand the different features and interactions that such 
adaptation should have. 
We realized that there are some characteristics that should be taken into account when 
transposing these maps to digital media, as the ones stated before. A study was conducted in 
this dissertation with the goal of understanding what are the users’ needs and requirements for 
such service. In fact, during our study, we came to the conclusion that electronic spider maps 
should be aware of the users’ identity, such as their personal preferences in terms of service 
language, for instance. Also, the purpose of use of the service, since there could be tourists or 
city residents using the service, which would imply the representation of different types of 
information, such as Points of Interest throughout the lines, aside from stops.  
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Chapter 4. User Requirements and Developed 
Prototypes 
 
Following an evolutionary methodology, the presented research was divided in four main 
phases, as can be seen in Figure 11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 - Research Phases 
 
First, it was crucial to understand who the users of this particular service are, what they are 
expecting. 
For this research, we selected two scenarios, both in Porto. The first one is the 
Intercontinental Hotel. This hotel was chosen due to its location, since it is located in Porto’s 
downtown, which has lots of public transportation lines going through there. The second 
scenario was Casa da Música. This institution was chosen due to it importance not only for 
tourists but also for musicians. Casa da Música is one of the first attractions being visited 
when arriving in Porto. Since it is also very central (located in Avenida da Boavista), there are 
a lot of public transportation lines that go through there.  
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4.1. Phase 1: Requirements elicitation with common users 
 
For the first phase, the requirements elicitation from common users was held.  
In order to understand what are the system’s potential users needs, it was important to go to 
the field and talk to different people about the relevance and usability of this type of service 
and what type of features and interaction they expect from it.  
 
4.1.1. Execution  
 
To assist in the performance of this task, it was given a set of non-functional prototypes that 
showed the spider maps for the selected locations, in a raw stage, with a smartphone as a 
background, in order to contextualize the users. The presented prototypes also included some 
features that were to be validated by the users, in this phase. 
Afterwards, a questionnaire was conducted to capture relevant information about the 
interviewees, followed by a semi-structured interview.  
While at the Intercontinental Hotel area, 6 people were interviewed, among them tourists and 
Porto residents. At Casa da Música, 5 people were interviewed, from tourists, to sporadic 
visitors, to Casa da Música employees. A contextualization of the subject was given so that 
the interviewees would understand what they were looking at, and also the goals of this phase 
of the study were presented.  
The questionnaire was the first thing to do, since it provided information about the 
interviewees.  
Table 1 shows the relevant information about the interviewees (characteristics), for this study 
purpose.  
Table 1 - Phase 1: Interviewees’ characteristics 
 
Afterwards, the interview was conducted which included showing the non-functional 
prototypes and, as we went along, ask the users some relevant questions and opinions about 
possible interactions and usability features (see Interview script in Appendix A.1.). Based on 
the interview results (See Appendix A.2.) the findings led to believe that this is a very useful 
service and that it would be accepted not only by Porto residents but also by tourists. Some of 
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the interviewees stated that “This type of maps is extremely useful, and its adaptation to 
smartphones even more”. 
 
4.1.2. Results  
 
The interviewees’ answers and comments during this phase, led to the definition of 
requirements and, therefore, functionalities or features that the system is expected to have. 
These functionalities were translated, afterwards, to a set of Use Cases (See section 4.3) 
• The spider maps should present Points of Interest throughout the lines, not only stops; 
• The route finder presented in the paper spider maps is not feasible in a digital device. 
• After choosing a specific stop (or Point of Interest), the system should only present the 
lines that lead to it, always giving the possibility to go back or undo that selection (See 
Figure 16); 
• The system should allow users to search for the stop (or Point of Interest) they want, 
instead of looking for it manually (See Figure 16); 
• The system should allow users to zoom in or out on the home map (See Figure 13); 
• The system should allow users to zoom in or out on the spider map (See Figure 16); 
• The system should ensure characteristics, such as effectiveness, reliability, robustness, 
scalability, security, portability and usability; 
• The spider map should fit perfectly in the view of either tablets or smartphones; 
• The application should allow the user to undo/redo any of his actions; 
• There should be a possibility to cancel any action from the user; 
 
Additional information about the requirements elicitation phase with common users can be 
seen in Appendix A.  
When this phase was concluded, the data was analysed and a new set of prototypes was 
developed in order to represent the interactions and functionalities (and, therefore, use cases) 
that the common users expected the system to have.  
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4.2. Phase 2 – Requirements elicitation with experts  
 
After performing the requirements elicitation with common users in the field, it was also 
extremely relevant, for this study purpose, to proceed with a new phase of requirements 
elicitation, this time with two previously selected experts, which main purpose was to 
discover usability problems during the design process.  
 
4.2.1. Execution 
 
The two experts were selected based on their knowledge, experience and expertise with the 
development of this type of system and service, as well as this type of research. In order to 
obtain relevant data about the two experts, a questionnaire was conducted. Table 2 shows the 
experts information (characteristics), for this study purpose. 
 
Table 2 - Phase 2: Experts' characteristics 
 
A new set of prototypes was developed in order to represent what the common users expected 
of such service, with the inherent interactions, including two hypotheses on how the spider 
map should appear, and also two different scenarios. 
The experts were presented with that new set of prototypes, as the interview took place (See 
interview scrip – Appendix B.2.), and notes were taken, in order to collect the experts’ 
opinions on the service. 
 
SCENARIO 1. 
The first scenario (See Appendix B.1.1.) is based on the current location of the user, which for 
this study purpose is, by default, the Intercontinental Hotel. 
Hypothesis 1. 
The first hypothesis shown to the experts (See Appendix B.1.1.1.) includes a map view that 
provides the current location of the user, marked by a current location pin. From there, the 
user can zoom in on the map to see the current location clearly, and, after that, he is able to 
click on top of the current location pin, and the hub of the selected area appears. If he wants, 
he can arrange the hub size manually by moving the arrows on the hub’s corners around (the 
hub size can be predefined in the settings menu as well), but if the hub already covers the area 
he wants, he can click on top of it and a spider map is presented automatically. From there, 
the user can enjoy the system, using its functionalities to the fullest.  
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Hypothesis 2.  
The second hypothesis that was presented to the experts (See Appendix B.1.1.2.), included a 
map view that provided the user with his current location, marked by the current location pin. 
He is able to zoom in, and when he wishes, he clicks on top of the current location pin and a 
hub for the selected area appears as before. The next step is either to arrange the hub size 
manually, by moving the arrows at the hub’s corners around (defining its coverage) or to click 
on top of the hub to see the spider map.  
In this hypothesis, the experts were presented, when clicking on top of the hub, with a pop-up 
menu that allows the user to choose if he wants to see the spider map for that selected area or 
not. 
 The main difference between the two hypothesis, is that the spider map, in this case, will only 
appear after the user clicks on the “Yes” button on the pop-up menu. If he chooses not to see 
the spider map for the selected area, he can click “No” and he will go back to the hub, and 
from there, choose a different area to generate the hub to or arrange the hub’s coverage.  
 
SCENARIO 2. 
The users were presented with a second scenario (See Appendix B.1.2.) that allowed them, 
from the Porto map, to choose any place they wish and get a spider map for that selected area, 
instead of choosing a spider map for their current location.  
For this study purpose, the users were given a Porto map, and directed to choose Casa da 
Música as the intended area for which they wanted the spider map to. From there, they were 
able to do the same things as in the first scenario. 
 
SETTINGS 
In the Settings scenario (See Appendix B.1.3.), it was intended that the experts would suggest 
some additional options to that menu. It was primarily thought about including the hub size 
definition option, and give the possibility to arrange it (define the area covered by the hub) by 
“Number of Stops” or by “Area” (in meters), but it was expected that the users, when 
presented with that menu, would suggest other options to add to it.  
 
4.2.2. Results 
 
In this phase, it was intended to narrow down the presented hypothesis, detect usability 
problems or sources of frustration in the developed prototypes, as well as obtain some ideas 
and feedback, in order to continue with de design process. 
Based on the interview results (See Appendix B.3.) and the experts’ comments on the 
provided hypothesis and scenarios, it was possible to understand if the presented interactions 
were feasible and if the service is being developed in a user friendly way. Both experts stated 
that the system “Is well built and user friendly” and that “All of the interactions make sense 
and are intuitive”.  
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The improvements and alterations suggested by the two interviewed experts originated a set 
of requirements that were translated into Use Cases (See Section 4.3). 
• The complete spider map should be the first to appear and, afterwards, the zoomed in 
spider map (See Figure 16); 
• The spider map with the nightlines should not present the day lines but only the night 
ones; 
• The second hypothesis isn’t very useful, unless this service is to be integrated in 
another one that includes more services than the conception of spider maps; 
• On the second scenario, a location pin should drop when choosing the intended area 
(See Figure 14); 
• The “Settings” menu should allow the user to select the language he wants (See Figure 
17). In the development phase, it should be considered the possibility to provide the 
user with the automatic language setting; 
• The “Settings” menu should allow the user to define if he wants to have geo location 
on or off (See Figure 17). 
The results of this phase of requirements elicitation led to the exclusion of the “Hypothesis 2” 
scenario, to the improvement of some features, and to the definition of others that the system 
should have. Also, after analysing the results, a new set of prototypes was developed.  
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4.3. Use Cases 
 
The results of the requirements elicitation phases were translated into a set of use cases. These 
use cases represent the users’ requirements for such service and, therefore, they issue the 
solution for the problem that we are trying to solve, the adaptation of spider maps to digital 
media.  
We identified four use cases as being the primary ones, depicted in Figure 12. When wanting 
to use spider maps in digital media, the user is able to “Navigate Map”, which means that the 
navigation is done in a geographic map; to “Generate Hub”, which means selecting the area 
for which he wants the spider map to; to “View Spider Map”, view the schematic map for the 
pre-selected area; and to configure the system’s “Settings”, where the user can configure 
different features of the system.  
 
Figure 12 - Primary Use Cases 
 
While navigating the geographic map (See Figure 13), the user is able to “Zoom in/out”, 
“Search Place” in the map, and from the map he is also able to configure the system’s 
“Settings”, or “Generate Hub”, for the intended location in the map.  
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Figure 13 - Navigate Map Use Case 
 
The “Generate Hub” use case (Figure 14) is the basis for the spider map generation, since the 
spider map is generated based on a previously selected area (the hub).  
In order to generate the hub, the user has to select the location for which he wants to generate 
the spider map. This area can be for his current location or any location in the map at his 
choice. In order to select the current location of the user, the “<service> Location GPS” is 
required.  
The user is also able to arrange the hub size manually by moving the arrows that surround the 
hub around (increasing or reducing its size and, therefore, the area covered), as seen in Figure 
15, or even generate the spider map for the defined area.  
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Figure 14 - Generate Hub Use Case 
 
 
 
 
 
 
 
Figure 15 - Hub View 
 
When the hub is selected as the area for which the user wants the spider map to, the system 
will automatically generate the spider map.  
The “View Spider Map” use case (See Figure 16) is extremely important since it is, from 
here, that the users are able to interact with the spider map itself. This allows the users to 
zoom in or out in the spider map, to view either night or day lines, to select the place or search 
for the place that they want to go to (or know information about, like knowing exclusively the 
lines that lead to it).  
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Figure 16 - View Spider Map Use Case 
 
Figure 17, shows the “Settings” use case, which allows users to define the size of the hub he 
wants, either by number of stops of by area covered (in meters), to set the language for which 
the user wants the system to be in, and to define if the geo location should be on or off. In 
order to proceed with the geo location setting, the “<service> Location GPS” must intervene.  
 
Figure 17 - Settings Use Case 
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4.4. Developed Prototypes 
 
A set of prototypes of the solution was developed and tested, either with a pre-selected set of 
experts as well as with common users. There will be presented all of the interactions and 
functionalities of the solution, being those, the final ones.  
The two previously referred scenarios will be presented, as well as the “Settings” menu.  
 
4.4.1. Scenario 1. 
 
In this scenario, the Intercontinental Hotel is used as the default location for the creation of 
the spider map. 
After downloading the application from the Intercontinental Hotel website, the user comes 
across a street map where his current location is identified, as shown in Figure 18. For this 
scenario purpose, the user is able to, from here, proceed with the generation of the spider map 
his the current location, or zoom in to see the streets more clearly and get a more clear view of 
the area that surrounds the place he is in, as seen in Figure 19. 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 18 - Home map 
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Figure 19 - Home map (Zoom in) 
 
When the user has zoomed in enough and he wants to get a spider map for the selected area, 
he clicks on top of the current location pin and a hub of the pre-selected area appears, for 
which the spider map is created (See Figure 20).  
The provided hub is for a standard size, but, in the functional system, it can be arranged 
manually, by moving the arrows in its corners around.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20 - Hub generation 
After defining the area coverage he wants, the user clicks on top of the hub, in order to 
generate the spider map for that specific area. Figure 21, shows the spider map with the day 
lines for the selected area, where the user can see which lines go through the area he is in as 
well as all of the stops and Points of Interest throughout those lines. He is also able to zoom in 
to see the spider map closely (having the hub as the central part of the map), as shown in 
Figure 22. 
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Figure 21 - Spider map: Intercontinental Hotel (Day lines) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22 - Spider map (Zoom in) 
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From the main screen (the spider map with the day lines), the user can see the “Nightlines” 
(Figure 23), which are shown ignoring all the day lines and providing users with information 
about which lines go through the hub and where they lead, during the night hours. The user is 
able to go back to the day lines at any moment, by clicking in the “Day lines” button.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23 - Spider map (Nightlines) 
 
In case the user wants to see a specific part of the spider map, he can zoom to see it clearly, 
even if he does not want to see the hub as the central part (Figure 24).  
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Figure 24 - Spider map (Zoom in a particular area) 
 
If he wants to go to a specific place he just has to look for the place he wants in the spider 
map and, after clicking on top of that area, a “destination” pin will drop on the intended stop 
or Point of Interest. As shown in Figure 25, the user chooses the stop “Coimbrões”, by 
clicking on top of it, and the pin drops in order to point that place out.  
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Figure 25- Select Stop 
 
Afterwards, and imagining that the user wants to go to that selected stop (that he wants to 
know which lines lead to it), he just has to click on top of the pin, and all of the lines that go 
from the hub to the “Coimbrões” stop are provided, ignoring all the others (See Figure 26). 
By clicking on the “Back” button, he is able to undo any of the actions.  
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Figure 26 - Select Destination (Stop) 
 
From the complete spider map, the user is also able to search for the places he wants to get 
information about, instead of looking for them manually (zooming in and out, or moving the 
spider map around).  
If the inserts the name of the place (Stop or Point of Interest) he wants in the “Search” box, 
the result of his search will be marked with a “destination” pin, as if he had clicked on top of 
that place manually, as it happens with the “Coimbrões” stop (See Figure 27). This will also 
work with Points of Interest.  
In case the user searched for a Point of Interest (such as “Forte S. João Batista”) and he now 
wants to know which lines go through the hub to there, he has to click on top of the PoI 
symbol and a label will appear confirming the result of his search (Figure 28).  
 
 
 
 
 
 
 
Study of the adaptation of Spider Maps to digital media (such as smartphones), from the interaction point of view. 
 41 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 - Search Stop 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28 - Search Point of Interest (PoI) 
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In order to present only the lines that go through the hub to “Forte S. João Batista”, the user 
has to click on top of the label, and only those lines will appear (Figure 29).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29 - Select Destination (PoI) 
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4.4.2. Scenario 2 
 
In this scenario, the user comes across, initially, with a street map of Porto, as seen in Figure 
30. From here, he is able to choose any location in Porto to where he wants to go.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 30- Street map of Porto 
 
Imagining he wants to see the streets closely in order to choose the area he wants, he is able to 
zoom in on the provided geographic map (See Figure 31). As an alternative, the user can 
search for the place he wants by using the service functionality “Search place”.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31 - Street map of Porto (Zoom in) 
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When the user finds the area to which he wants the spider map, he clicks on top of it and a pin 
will drop, in order to identify the selected area. For this study purpose, and for this scenario, 
the selected area is Casa da Música (Figure 32). 
 
Figure 32 - Street map of Porto (Choose area) 
 
When the area is chosen and the user decided that he wants the spider map for that selected 
area, he clicks on top of the pin, in order to indicate to the system that he wants to create a hub 
for that area (Figure 33). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33 - Hub generation for selected area 
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From here, the user can arrange the hub size manually, by moving the arrows on the hub’s 
corners around, defining the coverage he wants for the hub. Imagining that the user wants that 
standard size, he just has to click on top of the hub and the spider map for Casa da Música 
will be generated, as seen in Figure 34. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 34- Spider Map: Casa da Música (Day lines) 
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4.4.3. Settings 
 
In the “Settings” menu, the user can configure some features that will allow him to better 
interact with the system. He is able to configure the hub size, the language in which he wants 
to use the system, and he may choose to configure the geo location, turning it off or on 
(Figure 35).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35 - Settings Home 
 
In case a user chooses to configure the hub size, instead of doing manually, he can set it by 
the number of stops it covers, or by the area it covers (in meters), as seen in Figure 36. 
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Figure 36 - Configure Hub Size 
 
While configuring the hub size, and choosing to configure it by number of stops, the user may 
choose to set the hub area coverage for 5, 10 or 15 stops, as he wishes (See Figure 37). 
On the other hand, if he rather chooses to configure the hub size by area it covers, the user has 
to select on of the provided areas (in meters) for which he wants the spider map to, for 
instance 200m, 500m or 800m, as depicted in Figure 38. 
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Figure 37- Configure Hub Size by Number of Stops 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 38 - Configure Hub Size by Area 
Study of the adaptation of Spider Maps to digital media (such as smartphones), from the interaction point of view. 
 49 
When the user is finished with the configuration of the language, or the hub size or the geo 
location, he can go back to the home map and generate a spider map for any area he chooses, 
according to his configurations.  
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Chapter 5. Usability Tests 
 
In this chapter, phases 3 and 4 will be presented. These two phases refer to the usability tests 
conducted with experts and common users, respectively. 
 
5.1. Phase 3 – Usability tests with experts 
 
The usability tests with experts intend to evaluate the usability of the system, the easiness of 
how the users interact with it (the designed interactions), but also to obtain their opinions and 
inputs in order to improve the designed system.  
 
5.1.1. Preparation 
 
When preparing the usability tests, the first thing to do was to create a script with all the tasks 
that the participants had to follow, in order to evaluate the prototype’s functionalities, features 
and interactions, which can be found in Appendix C.1. 
The experts’ tasks script intended to analyse two scenarios (Scenario 1. (Only Hypothesis 1., 
since Hypothesis 2. was excluded in the previous phase), and Scenario 2.), providing the 
participants with a contextualization of each one. The provided tasks cover all of the 
prototype’s features, functionalities and interactions, and they were built having in mind the 
usage of the system in a real situation.  
Since the developed prototypes are non-functional ones, some of the interactions did not 
match the use of the system in a real situation, like the zoom in and out that were done, during 
the tests, through a click instead of the sliding of the fingers (as it happens when using a 
smartphone or tablet).  
There were also previously selected a set of four experts, based on their expertise, knowledge 
and experience in the development of this type of systems and service, and that were 
considered to be adequate to be participants in this phase of the study.  
 
5.1.2. Execution 
 
In order to proceed with the usability tests, the participants were contextualized about the 
study’s purpose and the scenario of usage of the service. Also, they were video recorded while 
executing the tasks, in order to get the participant’s reaction while using the service, as well as 
the time they spent in each task.  
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During the test, the participants followed the script, with 26 tasks for the Scenario 1. and 4 for 
Scenario 2., while interacting with the developed prototype. The prototypes that were 
presented to each participant in this phase of study can be found in Appendix C.2. 
After each test, a questionnaire and an interview were conducted (See Appendix C.3.), in 
order to obtain relevant information about the four experts, as well as their perception of the 
service. Table 3 shows the participants’ characteristics based on the conducted questionnaire. 
 
Table 3 - Phase 3: Participants' characteristics 
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5.1.3. Results 
 
For every test, the time spent executing each task (excluding the reading of the task) was 
recorded. Since there were two scenarios, the results will be presented based on each one of 
them.  
 
SCENARIO 1.  
 
Table 4 shows the time spent by each user in Scenario 1., as well as the total time per task, the 
average time per task, the standard deviation and the median for each task. Time per task was 
measured in seconds.  
 
Table 4 - Phase 3: Usability tests results (Scenario 1.) 
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As the results show, task 3 was the task the users spent, in average, more time executing. That 
happened because, in the task description, it was suggested that users could arrange the hub 
size manually, by moving the arrows surrounding the hub around. However, some 
participants forgot to read the rest of the task description, since it also stated that, for the test 
purpose, the user should imagine that the selected size was the correct one.  
In this task, there is the highest standard deviation, since there were participants that read the 
complete task description and executed the task in 1 or 2 seconds, and the others took from 
36, to 57, to 96 seconds to complete the task.  
Tasks 10 and 13 were also two of the tasks that the users took longer to execute. That 
happened because, in both tasks, they had to search for a stop or a Point of Interest, which can 
be, by itself, a bit more time consuming, and, in order to complete the task, had to click on the 
magnifying glass, which wouldn’t happen if we were using functional prototypes (in a 
smartphone or tablet).  
Only three of the four experts completed task 8. That happened due to the difficulty that it 
was to find the stop “Coimbrões” in the spider map, without zooming in on it. That was one 
of the problems that were fixed in the following set of prototypes.  
There were also some tasks that were executed very quickly by the participants. Task 12, 
where the user had to zoom out to see the complete spider map, instead of a zoomed in view; 
tasks 14 and 15, that also referred to the zoom in and out on the spider map; task 20, that 
stated that the user should click on the “Settings” button, which suggests that it was easy to 
find the “Settings” button; task 22, where the user had to turn the geo location, in the settings 
menu, on (after turning it on, on task 21); and task 23, where he had to choose to configure 
the hub size.  
 
SCENARIO 2.  
 
For Scenario 2., the same data was collected and analysed. Table 5 presents the time spent by 
each user in each task of Scenario 2., excluding the reading of the script, as well as the total 
time per task, the average time per task, the standard deviation and the median of each task. 
 
Table 5 - Phase 3: Usability tests results (Scenario 2.) 
 
This scenario involved few tasks, being the most time consuming task, the second one. That 
happened because the task description suggested that the user should choose to go to the Casa 
da Música area, which wasn’t easy to find without the possibility to either zoom in a bit more 
on the map, or to search for the area, by typing its name in a search field. That functionality 
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was added in the following set of prototypes. However, this is the task with the highest 
standard deviation since there were users, especially User  #1 and User #2, that spent 3 and 1 
seconds respectively, executing the task, because they recognized the area or could see the 
name of the area more clearly than the other two.  
Task 4 was the second one with the highest standard deviation, since one of the participants 
(User #4) had a bit more difficulty clicking exactly on top of the provided hub.  
Task 1 was executed very quickly by all the participants, all of them executed it in 1 second, 
since it only included zooming in on the map, even though they had to click on the hand for 
the interaction to work, which would not happen while using a smartphone or tablet in a real 
situation. 
 
5.1.4. Final considerations 
 
Based on the time spent per task, the average time per task, the standard deviation and the 
median, it was possible to obtain some considerations about usability problems or lack of 
certain features or functionalities that would make the system more user friendly.  
The interview results (See Appendix C.4.) were also fundamental to obtain the participants 
feedback and understand if the system pleased them. The participants stated that there is a 
“Fluid relation” between the interactions; that the service is “Nice” and “Appealing”; that it 
will be “Easy to use on a smartphone or tablet”; that the interactions are “Very intuitive”; and 
some of the things that were stated to be the most positive aspect of the service is the 
“Simplicity in usage”; the possibility to “ and the “Identify the current location and create the 
spider map through there”; that the spider map presents, throughout the lines, the Points of 
Interest; and, finally, “The fact that the application gives you the lines and transportation 
option that go exactly from the origin to where you want to go”.  
But, there were also some remarks that helped establish some features, functionalities or 
interactions while designing a new set of prototypes, such as: 
• Add a search field to the map; 
• Provide a “zoom in” view, in order to see the Coimbrões stop more clearly. 
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5.2. Phase 4 – Usability tests with common users 
 
As it happened with the previous phase of usability testing, this intends to evaluate the 
usability of the application, the easiness of how the users interact with it (the designed 
interactions) and validate the developed prototypes.  
 
5.2.1. Preparation  
 
The first thing to do while preparing this new phase of usability tests, was to produce a new 
script with all the tasks that the participants had to follow, in order to evaluate the prototype’s 
usability and interactions’ quality. This new script was built based on the new set of prototype 
developed following the data analysis of the previous phase of study. The script for this phase 
of study can be found in Appendix D.1. 
The set of common user were selected randomly. 
As it happened in the previous phase, this new tasks’ script aimed at analysing the two 
defined scenarios – Scenario 1. and Scenario 2., providing first a contextualization of each 
one.  
The developed prototypes as non-functional ones, which implicated that some of the 
interactions did not match the use of the system in a real situation, like the zoom in and out 
that were done, during the tests, through a click instead of the sliding of the fingers (as it 
happens when using a smartphone or tablet).  
 
5.2.2. Execution 
 
While at the beginning of the usability tests, the participants were contextualized about the 
study’s concept and purpose. In order to obtain the participants reactions and opinions more 
clearly, they were video recorded while executing the tasks, as well as the time spent in each 
task.  
The participants followed the provided script, with 28 tasks for Scenario 1. and 4 tasks for 
Scenario 2. The prototypes that were presented for each participant in this phase of study can 
be found in Appendix D.2. 
After each test, a questionnaire and interview were conducted (See Appendix D.3.), in order 
to get relevant information about the participants, as well as their opinions about the service.  
Table 6 shows the characteristics of the common users that participated in the usability tests. 
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Table 6 - Phase 4: Participants' characteristics 
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5.2.3. Results 
In order to better evaluate the difficulty of execution of each task or eventual usability 
problems, the time spent executing the task (excluding the reading of the task) was recorded.  
The results will be presented separately, based on the two scenarios.  
SCENARIO 1.  
Table 7 shows the time spent by each user in Scenario 1., as well as the total time per task, the 
average time per task, the standard deviation and the median for each task. Time per task was 
measured in seconds.  
 
Table 7 - Phase 4: Usability tests results (Scenario 1.) 
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As seen on the results table, for Scenario 1., task 18 was the task where common users spent 
more time. That happened because some of the users didn’t identify the Points of Interest as 
being the green symbols. However, and as seen on the standard deviation result, some users 
were able to execute this task in 2 and 3 seconds, as opposed to others that completed it in 45, 
41 and 70 seconds.  
Task 15 was also a bit time consuming because this task involved searching for a suggested 
Point of Interest that, by using non-functional prototypes, didn’t allow auto-completion on the 
search field or enter when finishing typing. This was a more unanimous task in terms of time 
spent executing it.  
Also, task 4 and 12 were two of the most time consuming tasks because, on task 4, one user 
spent 29 seconds trying to find the nightlines, as opposed to the other users that spent between 
1 and 6 seconds executing it, that is why the standard deviation is so is; on task 12, the same 
thing that happened with task 15 happened in that one. The lack of auto-completion on the 
search field or enter when finishing typing, limited the execution of the task. 
Some tasks were executed very quickly by all the participants, such as tasks 14 and 17 that 
included zooming out to see the complete spider map; task 25 that referred to choosing to 
configure the hub size and task 28 that intended to direct the user back to the initial map.  
 
SCENARIO 2.  
 
For Scenario 2, the procedure was the same as for Scenario 1.  
Table 8 presents the time spent by each user in each task of Scenario 2., excluding the reading 
of the script, as well as the total time per task, the average time per task, the standard 
deviation and the median of each task. 
 
Table 8 - Phase 4: Usability tests results (Scenario 2.) 
 
 
One of the tasks of this second scenario was extremely time consuming, that being task 2. 
That happened because the participants found it difficult find the suggested area – Casa da 
Música. This could be fixed while using a functional prototype, in a smartphone or tablet, in 
order for the user to zoom in as much as he wanted. Also, there is the possibility to enter in 
the search field the area the user wants to find in the map.  
Task 1, was the least time consuming task, all of the participants took 1 second to complete it, 
since it only involved zooming in on the provided map.  
Study of the adaptation of Spider Maps to digital media (such as smartphones), from the interaction point of view. 
 59 
5.2.4. Final considerations 
 
The data collected in this qualitative analysis, helped to understand if there where usability 
issues with the service, or what should be taken into account when developing this system.  
Based on the interview results (See Appendix D.4.) it was also possible to collect relevant 
comments and opinions. The participants stated that the service “Works very nicely” and that 
it is “Easy to use”, “Simple and intuitive”. The things they considered to be the most positive 
ones included “The easiness of knowing which line take you to the place you want to go”, 
“The fact that the hub appears on top of the general map view, not loosing context”, “ The 
select destination feature”.  
None of the participants commented on a negative aspect and only one of them suggested that 
“There could be taxi squares available in the spider map”.  
The most valuable final considerations taken from the two sets of usability tests were the 
participants’ willingness to use the service and their eagerness to have it implemented.  
Based on the two usability tests, some features and interactions were added and presented in 
the final set of developed prototypes, as seen in section 4.4. 
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Chapter 6. Conclusions and Future Work 
 
6.1. Conclusions 
 
It is becoming more and more important to develop new kinds of services for public 
transportation, due to the increasing use of public transportation systems. The need for 
information (and relevant one), when using a public transportation system is increasing.  
Spider maps are an important tool to provide users with information that is, both adequate and 
of quality.  
In this dissertation, a set of prototypes was developed in order to explore the adaptation of 
spider maps to digital media (smartphones or tablets). These prototypes represented the 
features, functionalities and interactions that such service should have. It was crucial to 
evaluate the service usability and, also, its interest and usefulness for potential users. 
The first thing was to understand which contexts would benefit from this type of service, and 
it was established that it would be hotels and city attractions, such as the Intercontinental 
Hotel and Casa da Música. 
It was necessary to go to field and collect valuable information from potential users and 
establish the service requirements. These requirements were, afterwards, analysed and 
transposed into Use Cases, as seen in Section 4.3. 
From there, and as can be seen in Chapter 5, two separate usability tests were conducted, one 
with a set of pre-selected experts, based on their expertise, knowledge and experience with the 
development of this type of system, and another with common users, both with the intent to 
evaluate the functionalities and features of the system, as well as its usability.  
The results of the research led to the conclusions that the system is simple and easy to use but, 
also, that this type of system is an asset for public transportation users and for its perceived 
quality.   
 
6.2. Future Work 
 
This research was the first study made of the adaptation of spider maps to digital media. It is 
only the first step to the development of a system that will allow people to use spider maps in 
an interactive and user-friendly way. Hence, the validated prototypes should work as a 
guideline for the development of such system.  
Nevertheless, functional prototypes should be developed since it can be an important tool to 
evaluate the proper functioning of the system (all of the presented interactions), and some 
other aspects should be taken into account, while at the development stage, that were truly 
appreciated by the usability tests participants: 
• The “cleanliness” of the menus; 
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• The context awareness (maintaining the street map as a background to the generation 
of the hub); 
• Different operators should be considered to integrate the same spider map and, 
therefore, allow the user to select the one he wanted to get information about.  
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APPENDIX A:  Phase 1 – Requirements elicitation with 
common users 
A.1. Questionnaire and Interview script  
Questionnaire script  
 1. Age	  
 2. Job	  
	   3. Country/City	  where	  you	  are	  from?	  
 4. Do	  you	  use	  public	  transportation?	  
 5. Do	  you	  have	  a	  smartphone?	  
Interview script 
 1. Do	  you	  think	  this	  type	  of	  map	  is	  important?	  	  2. Do	  you	  think	  it	  is	  important	  to	  adapt	  this	  type	  of	  map	  to	  digital	  media?	  	  
 	  3. What	  is	  your	  opinion	  about	  the	  transition	  to	  the	  nightlines?	  	  4. When	  it	  comes	  to	  digital	  media,	  what's	  your	  opinion	  about	  the	  route	  finder	  and	  the	  destination	  finder?	  
	   5. Do	  you	  think	  there	  should	  be	  landmarks	  or	  PoIs	  throughout	  the	  lines?	  	  6. Do	  you	  have	  any	  comments	  or	  suggestions?	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A.2. Interview results 
 
User%
Do%you%think%
this%type%of%
map%is%
important?%
Do%you%think%it%is%
important%to%
adapt%this%type%of%
map%to%digital%
media?%%
What%is%your%
opinion%about%the%
transition%to%the%
nightlines?%
%When%it%comes%to%
digital%media,%what's%
your%opinion%about%
the%route%finder%and%
the%destination%
finder?%
Do%you%think%
there%should%be%
landmarks%or%PoIs%
throughout%the%
lines?%
Do%you%
have%any%
comments%
or%
sugestions?%
#1#
Very#important,#
especially#for#
1st#time#
visitors.#
Yes# There#should#be#a#
button#to#go#to#
night#lines.#
For#this#kind#of#
support,#there#select#
destination#solution#is#
better.## Very#important.# ?#
#2# Yes#
Very.& The#transiction#should#be#made#
through#a#button.#
Select#destination#
solution#is#better.# Yes# ?#
#3# Yes# Yes#
The#transiction#
should#be#made#
through#a#button.#
Route#finder#is#
confuse#when#it#
comes#to#the#
smartphone.# Yes# ?#
#4# Yes# Yes#
All#of#the#lines#
should#appear#first.#
The#select#
destinationsolution#is#
less#confusing.# Yes# ?#
#5# Yes# Yes#
There#shouldn't#be#
all#the#lines#that#
lead#to#the#same#
places.#There#should#
be#a#button#to#go#to#
the#nightlines.#
The#Route#Finder#is#
better.# Yes# ?#
#6# Yes# Yes#
There#should#be#a#
button#to#go#to#
night#lines.#
The#Select#destination#
solution#is#better..##
Yes,#preferibly#
with#pictures#or#
symbols#to#
identify#them#
better.# ?#
#7# Yes#
Yes.#It's#very#
useful#for#tourists#
and#for#touristic#
points.#
There#should#be#a#
button#to#go#to#
night#lines.#
The#Route#finder#is#
not#feasible.# Yes.# ?#
#8#
Yes,#especially#
for#people#who#
don't#know#the#
city#very#well.# Yes#
Present#first#the#
main#spider#map,#
with#the#day#lines.#
The#select#destination#
solution#is#better.#
Yes.#There#should#
also#be#all#of#the#
public#
transportation#as#
well#as#taxis.# ?#
#9# Yes# Yes#
First#present#macro#
and#then#micro.#
The#select#destination#
solution#is#better.# Yes# ?#
#10# Yes# Yes#
Have#a#button#to#
present#the#
nightlines.#
The#select#destination#
solution#is#preferable.##
Yes,#for#tourists#it#
is#easier#to#
understand.# ?#
#11# Yes# Yes#
The#day#lines#should#
be#shown#first,#
through#a#button#
present#the#night#
ones.#
The#select#destination#
solution#is#more#
intuitive.## Yes# ?#&
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APPENDIX B: Phase 2 – Requirements elicitation with 
experts 
B.1. Prototypes 
B.1.1. Scenario 1 
B.1.1.1. HYPOTHESIS 1 
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B.1.1.2. HYPOTHESIS 2 
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B.1.2. Scenario 2 
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B.1.3. Settings 
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B.2. Questionnaire and Interview script 
Questionnaire script 
 1. Age	  
 2. Job	  
 3. Country/City	  where	  you	  are	  from?	  
 4. Do	  you	  use	  public	  transportation?	  
 5. Do	  you	  have	  a	  smartphone?	  
 6. If	  you	  have	  a	  smartphone,	  do	  you	  use	  public	  transportation	  applications?	  
 
Interview script 
 1. Do	  you	  think	  this	  type	  of	  public	  transportation	  map	  is	  relevant?	  2. Do	  you	  think	  it	  is	  important	  to	  adapt	  this	  kind	  of	  map	  to	  digital	  media?	  3. What	  do	  you	  think	  about	  the	  system	  in	  terms	  of	  usability?	  4. Do	  you	  think	  the	  interactions	  are	  intuitive?	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B.3. Interview Results 
 
User	   1.	  
	  
	  
	  
	  
	  
2.	  
3.	   4.	  
H1.	  Comments	  and	  
suggestions	  
H2.	  
Comments	  
and	  
suggestions	  
Scenario	  
2.	  
Comments	  
and	  
suggestion
s	  
Settings.	  
Comments	  
and	  
suggestions	  
#1	   Yes	  
Yes,	  
very.	  
I	  think	  it	  
is	  well	  
built	  and	  
user	  
friendly.	  
Yes,	  
everything	  is	  
very	  clear.	  
The	  
complete	  
spider	  
map	  
should	  
appear	  
first,	  and	  
from	  
there	  
zoom	  in.	  
The	  
nightlines	  
are	  very	  
confused.	  
The	  day	  
lines	  
should	  be	  
removed	  
from	  that	  
spider	  
map.	  
Pop-­‐up	  
menu	  is	  not	  
the	  best	  
solution.	  
There	  
should	  be	  
a	  pin	  
appearing	  
before	  the	  
hub.	  
Add	  
language	  
#2	   Yes	   Yes	  
I	  think	  it	  
is	  very	  
good.	  I	  
wouldn't	  
change	  
anything.	  
Yes,	  all	  of	  the	  
interactions	  
make	  sense	  
and	  are	  
intuitive.	  
The	  
complete	  
spider	  
map	  
should	  
appear	  
first,	  and	  
from	  
there	  
zoom	  in.	  
There	  
should	  
appear	  
only	  the	  
nightlines
.	  
It's	  
preferable	  
without	  the	  
pop-­‐up	  
menu.	  
A	  pin	  to	  
mark	  the	  
selected	  
area	  
would	  be	  
better.	  
Add	  
language;	  
Geo	  
location.	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APPENDIX C: Phase 3 – Usability tests with experts 
C.1. Tasks Script 
Scenario 1. 
Context: Imagine you are a tourist that has never been in Porto before and that arrives at the 
Intercontinental Hotel. While at the hotel reception you ask the clerk if he knows which buses 
come through the hotel and where they go to. The clerk tells you that they have a smartphone 
application that can be downloaded through the Hotel website that allows you to see all the 
public transportation lines that exist around the Hotel area, as well as all of the stops and 
Points of Interest throughout the lines. Imagine you have a smartphone with Internet 
connection and you access the Hotel website. You download the application and start using it.   
Imagine you have the application in your smartphone and you open it. 
The first thing is to identify your current location (by default it considers the Intercontinental 
Hotel as your current location).  
 
Tasks: 
 
T1. (Imagine you want to zoom in on the provided map to have a better view of the streets) 
Zoom in (by clicking on the hand) 
T2.  (Imagine you zoomed in enough and you want to get a spider map of the area around 
your current location. You can also zoom out at any moment, by clicking on the hand) Click 
on the current location pin. 
T3. (The hub of the Intercontinental appears and you can arrange its size by moving the 
arrows around it. Imagine you want the spider map exactly for that area) Click on the hub.  
T4.  (A complete spider map with all the day lines appears. Imagine you want to zoom in) 
Zoom in on the spider map (by clicking on the hand). 
T5. Zoom out (by clicking on the hand). 
T6.  (Imagine you want to see the nightlines.) Choose to see nightlines. 
T7. Choose to see the day lines again.  
T8. (Imagine you want to go to a specific place – stop) Choose the stop “Coimbrões”. 
T9. (The lines that lead you to that stop appear, ignoring all the others, so you can see clearly 
which lines you have to take to go there.) Go back to the spider map with the day lines. 
T10.  (Assume you can’t find “Coimbrões” in the spider map) Search for “Coimbrões” and 
click on the magnifying glass to complete the search. 
T11. (The stop you searched for appears on the spider map marked with a pin. Imagine you 
want to see in closely) Zoom in (by clicking on the hand). 
T12. (Imagine you want to go back to the normal view) Zoom out (by clicking on the hand). 
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T13. (Imagine you want to find another location, such as a Point of Interest) Search for “Forte 
S. João Batista” and click on the magnifying glass to complete the search. 
T14. (The pin appears in the spider map in order to identify where “Forte S. João Batista” is. 
Imagine you want to see it closely) Zoom in, by clicking on the hand. 
T15. (After seeing it closely) Zoom out, by clicking on the hand. 
T16.  (Imagine you want to go to “Forte S. João Batista”) Click on the PoI. 
T17. (A label with the name of the PoI appears, confirming its location) Click on the label. 
The lines that lead to “Forte S. João Batista” appear. 
T18. (Imagine you want to go back to the complete spider map) Click on the “Back” button. 
T19. (Now that you are in the complete spider map, assume you want to go to the “Settings” 
menu) Click on the “Back” button. 
T20. Click on the “Settings” button. 
T21. Turn the Geo Location off.  
T22. Turn the Geo Location on.  
T23. Choose to configure the hub size. 
T24. Choose to set hub size by area it covers (in m). 
T25. Go back to the Settings home page. 
T26. Go back to the map. 
 
Scenario 2. 
Context: Imagine you are a tourist in Porto and you would like to have access to the public 
transportation lines, stops and PoIs around any area you choose. 
   
Tasks (Based on Scenario 1.): 
T1.  (Imagine you are seeing the Porto map and you want to get a better view of a specific 
area) Zoom in, by clicking on the hand. 
T2.  (Imagine you zoomed in enough and you want to get the spider map for Casa da Música) 
Click on top of the area you want. 
A pin appears to mark the area you chose.  
T3.  Click on the pin. 
The hub appears for the area you chose and you can arrange the hub size by moving the 
arrows around or by configure it on the settings. That is a standard size. 
 T4. (Imagine you want the spider map for the preselected area) Click on top the hub.  
The spider map for Casa da Música appears and from there on you can do the same things you 
did in the Intercontinental Hotel scenario.  
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C.2. Prototypes 
C.2.1. Scenario 1 
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C.2.2. Scenario 2 
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C.2.3. Settings 
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C.3. Questionnaire and Interview script 
Questionnaire script 
 1. Age	  
 	  2. Gender	   	  
 3. Academic	  qualifications	  
 
 4. Job	  
 
 5. Nationality	  
 
 6. Residence	  (Town)	  
 
 7. Do	  you	  use	  public	  transportation?	  	  _____	  Yes	  _____	  No	  	  8. Do	  you	  have	  a	  smartphone?	  
 
_____ Yes 
_____ No 
 9. If	  you	  have	  a	  smartphone,	  do	  you	  use	  public	  transportation	  applications?	  
 
_____ Yes 
_____ No 
 
Interview script 5. What	  do	  you	  think	  about	  the	  system	  in	  terms	  of	  usability?	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 6. Do	  you	  think	  the	  interactions	  are	  intuitive?	  
 7. What	  did	  you	  like	  the	  most	  in	  the	  application?	  
 8. What	  did	  you	  like	  the	  least?	  
 9. Did	  you	  think	  any	  of	  the	  interactions	  were	  confuse?	  
 10. Are	  there	  any	  additional	  features	  you	  would	  like	  to	  see	  in	  this	  application?	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C.4. Interview Results 
 
	  	   Questions	   	  	  
User	   1	   2	   3	   4	   5	   6	   Notes	  
#1	  
Fluid	  relation;	  
Items	  well	  
disposed;	  Not	  too	  
much	  text	  -­‐	  the	  
features	  are	  
coherent	  and	  well	  
described;	  Nice,	  
Appealing.	  
Very	  
intuitive	  
Very	  sequencial;	  
Everything	  works	  with	  
a	  lot	  of	  fluidity.	  
Nothing	  in	  
particular.	  
The	  clicking	  on	  
the	  label	  to	  go	  to	  
the	  destination	  
may	  be	  confusing.	  
Nothing	  in	  
particular,	  
maybe	  
add	  a	  
tutorial.	  
Zoom	  in	  to	  
choose	  the	  
stop	  
"Coimbrões".	  
#2	   Simple.	  
Intuitive;	  
Reduce	  the	  
dependency	  
of	  the	  map.	   Simplicity	  in	  usage.	  
Dependence	  on	  
the	  map.	  
Dropping	  the	  pin	  
when	  selecting	  a	  
random	  area.	  
However	  if	  there	  
are	  spiders	  for	  
many	  areas	  it	  is	  
no	  longer	  
confuse.	  	  
Search	  
without	  a	  
map.	  
Appear	  
Spider	  map	  
with	  zoom	  
first;	  Search	  
field	  in	  the	  
map.	  
#3	  
Easy	  to	  use	  on	  a	  
smartphone	  or	  
tablet.	  
Very	  
intuitive.	  
Identify	  the	  current	  
location	  and	  create	  
the	  spider	  map	  
through	  there.	  
Not	  being	  able	  
to	  search	  on	  the	  
map	  for	  a	  
location.	  Add	  a	  
search	  field.	  	   Nothing	  to	  add.	  
Being	  able	  
to	  choose	  
the	  
opperator	  
(in	  case	  
there	  are	  
more	  than	  
one).	   	  -­‐	  
#4	  
It	  needs	  auto-­‐
completion	  in	  the	  
search	  field.	  	  
The	  arrows	  
to	  arrange	  
the	  hub	  size	  
should	  be	  
highlighted.	  
The	  PoIs	  and	  the	  fact	  
that	  the	  application	  
gives	  you	  the	  lines	  and	  
transportation	  option	  	  
that	  go	  exactly	  from	  
the	  origin	  to	  where	  
you	  want	  to	  go.	  	  
The	  search	  field	  –	   because	   it	  should	  appear	  a	  list	   of	   stops	   or	  points	   of	  interest	   by	  completing	   the	  search.	  	   No.	  
Add	  a	  
search	  
field	  to	  
the	  map.	   	  -­‐	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APPENDIX D: Phase 4 – Usability tests with common users 
D.1. Tasks script 
Scenario 1. 
Context: Imagine you are a tourist that has never been in Porto before and that arrives at the 
Intercontinental Hotel. While at the hotel reception you ask the clerk if he knows which buses 
come through the hotel and where they go to. The clerk tells you that they have a smartphone 
application that can be downloaded through the Hotel website that allows you to see all the 
public transportation lines that exist around the Hotel area, as well as all of the stops and 
Points of Interest throughout the lines. Imagine you have a smartphone with Internet 
connection and you access the Hotel website. You download the application and start using it.   
Imagine you have the application in your smartphone and you open it. 
The first thing is to identify your current location (by default it considers the Intercontinental 
Hotel as your current location).  
 
Tasks: 
T1. (Imagine you want to zoom in on the provided map to have a better view of the streets) 
Zoom in (by clicking on the hand) 
T2.  (Imagine you zoomed in enough and you want to get a spider map of the area around 
your current location. You can also zoom out at any moment, by clicking on the hand) Click 
on the current location pin. 
T3. (The hub of the Intercontinental appears and you can arrange its size by moving the 
arrows around it. Imagine you want the spider map exactly for that area) Click on the hub.  
T4.  (Imagine you want to see the nightlines.) Choose to see nightlines. 
T5. Choose to see the day lines again.  
T6.  (A complete spider map with all the day lines appears. Imagine you want to zoom in) 
Zoom in on the spider map (by clicking on the hand). 
T7. Zoom out (by clicking on the hand). 
T8. (Imagine you want to go to a specific place – stop) Zoom in on a specific area, by clicking 
on the hand. 
T9. (Imagine you want to go to “Coimbrões”) Choose the stop “Coimbrões”. 
T10. Click on top of the stop “Coimbrões” again.  
T11. (The lines that lead you to that stop appear, ignoring all the others, so you can see clearly 
which lines you have to take to go there.) Go back to the spider map with the day lines. 
T12.  (Assume you can’t find “Coimbrões” in the spider map) Search for “Coimbrões” and 
click on the magnifying glass to complete the search. 
T13. (The stop you searched for appears on the spider map marked with a pin. Imagine you 
want to see in closely) Zoom in (by clicking on the hand). 
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T14. (Imagine you want to go back to the normal view) Zoom out (by clicking on the hand). 
T15. (Imagine you want to find another location, such as a Point of Interest) Search for “Forte 
S. João Batista” and click on the magnifying glass to complete the search. 
T16. (The pin appears in the spider map in order to identify where “Forte S. João Batista” is. 
Imagine you want to see it closely) Zoom in, by clicking on the hand. 
T17. (After seeing it closely) Zoom out, by clicking on the hand. 
T18.  (Imagine you want to go to “Forte S. João Batista”) Click on the PoI. 
T19. (A label with the name of the PoI appears, confirming its location) Click on the label. 
The lines that lead to “Forte S. João Batista” appear. 
T20. (Imagine you want to go back to the complete spider map) Click on the “Back” button. 
T21. (Now that you are in the complete spider map, assume you want to go to the “Settings” 
menu) Click on the “Back” button. 
T22. Click on the “Settings” button. 
T23. Turn the Geo Location off.  
T24. Turn the Geo Location on.  
T25. Choose to configure the hub size. 
T26. Choose to set hub size by area it covers (in m). 
T27. Go back to the “Settings” home page. 
T28. Go back to the map. 
 
Scenario 2.  
Context: Imagine you are a tourist in Porto and you would like to have access to the public 
transportation lines, stops and PoIs around any area you choose.   
 
Tasks (Based on Scenario 1.): 
T1.  (Imagine you are seeing the Porto map and you want to get a better view of a specific 
area) Zoom in, by clicking on the hand. 
T2.  (Imagine you zoomed in enough and you want to get the spider map for Casa da Música) 
Click on top of the area you want. 
A pin appears to mark the area you chose.  
T3.  Click on the pin. 
The hub appears for the area you chose and you can arrange the hub size by moving the 
arrows around or by configure it on the settings. That is a standard size. 
 T4. (Imagine you want the spider map for the preselected area) Click on top of the hub.  
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The spider map for Casa da Música appears and from there on you can do the same things you 
did in the Intercontinental Hotel scenario.  
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D.2. Prototypes 
D.2.1. Scenario 1 
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D.2.2. Scenario 2 
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D.2.3. Settings 
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D.3. Questionnaire and interview script 
Questionnaire script 1. Age	  
 	  2. Gender	   	  
 3. Academic	  qualifications	  
 
 4. Job	  
 
 5. Nationality	  
 
 6. Residence	  (Town)	  
 
 7. Do	  you	  use	  public	  transportation?	  _____	  Yes	  _____	  No	  	  8. Do	  you	  have	  a	  smartphone?	  
_____ Yes 
_____ No 
 9. If	  you	  have	  a	  smartphone,	  do	  you	  use	  public	  transportation	  applications?	  
_____ Yes 
_____ No 
 
Interview script 
 1. What	  do	  you	  think	  about	  the	  system	  in	  terms	  of	  usability?	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2. Do	  you	  think	  the	  interactions	  are	  intuitive?	  
 3. What	  did	  you	  like	  the	  most	  in	  the	  application?	  
 4. What	  did	  you	  like	  the	  least?	  
 5. Did	  you	  think	  any	  of	  the	  interactions	  were	  confuse?	  
 6. Are	  there	  any	  additional	  features	  you	  would	  like	  to	  see	  in	  this	  application?	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D.4. Interview results 
 
	  	   Questions	  
User	   1	   2	   3	   4	   5	   6	  
#1	  
It	  works	  very	  
nicely.	  
Everything	  
works	  as	  
expected.	  
Yes,	  very	  
intuitive.	  
The	  easiness	  of	  
knowing	  which	  line	  
takes	  you	  to	  the	  place	  
you	  want	  to	  go.	  
Nothing	  in	  
particular.	  
No,	  they	  are	  
all	  evident.	  
Nothing	  to	  
add.	  
#2	   Easy	  to	  use.	  
Yes,	  they	  are	  
very	  clear.	  
Very	  clean.	  It	  is	  not	  
confuse.	  
Nothing	  to	  
add.	   No.	   No.	  
#3	  
Simple	  and	  
intuitive.	   Yes.	  
The	  fact	  that	  the	  hub	  
appears	  on	  top	  of	  the	  
general	  map	  view,	  
not	  loosing	  context.	  
Nothing	  in	  
particular.	   No.	   No.	  
#4	   Very	  good.	   Yes,	  very.	  
The	  interactions	  and	  
the	  fact	  that	  the	  hub	  
is	  created	  on	  top	  of	  
the	  map.	  
Nothing	  in	  particular.	  
No.	   No.	  
#5	   Good.	   Yes,	  very.	  
Overlaying	  the	  hub	  on	  
top	  of	  the	  map,	  not	  
loosing	  context.	  	  
Nothing	  to	  
add.	   No.	  
There	  could	  
be	  taxi	  
squares	  
available	  in	  
the	  spider	  
map.	  
#6	   Good.	   Yes	  
From	  the	  location	  you	  
want	  you’re	  able	  to	  
find	  the	  public	  
transportation	  lines	  
you	  need	  -­‐	  The	  select	  
destination	  feature.	  
Not	  having	  
a	  tutorial.	   No.	   No.	  
 
